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This is our third report on the development of a local interaction 
simulation approach (LISA), based on the use of the Connection Machine(CM). 
The CM is a massively parallel computer with a large number of processors 
(many thousands or even millions, if virtual processors are also included), 
connected in a programmable way, in the framework of a fixed physical 
wiring scheme. 
The availability of such a large number of processors, all working 
simultaneously and independentlyon the solution of the same problem, has 
the obvious advantage of decreasing the computer time by a factor of 
approximately the number of CM processors [1]. It also allows an 
opportunity to efficiently reformulate the problem to be studied and modify 
the approach to suit the special requirements and capabilities of the CM. 
The basic ideas of the method and the formalism adopted are explained 
in detail in ref. 2. In our previous reports [3,4] we have shown how to 
treat multilayers, Epstein layers (media whose physical properties vary 
continuously along one direction only) and attenuating media for different 
choices of source pulses. We have also performed a first comparison with 
experimental results. All this was, however, restricted to the one-
dimensional case, i.e. uniform plane wavefronts propagating through a 
material plate, normal to its surface. 
In the present paper we extend our LISA approach to the two-dimensional 
case, thus allowing the possibility of oblique incidence and a more 
realistic treatment of a transducer induced pulse. 
THE ITERATION EQUATIONS 
Let us assume, for simplicity, that we want to study the wave 
propagation in a homogeneous isotropic material plate. We also assume that 
there is complete symmetry, both in the plate and in the source pulse, with 
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respect to one of the coordinates (say z). Thus the problem becomes 
effectively two-dimensional and the acoustic wave equation 
can be written as 
(1 ) 
(2 ) 
In Eqs. (1) and (2) Sklmn is the stiffness tensor, w the displacement 
vector, p the density, A and ~ are the Lame' constants and u and v are the 
x and y components of w, respectively. 
We now divide a vertical (z=constant) section of the plate into N by M 
cells of side e. We then transform Eqs. (2) into finite difference 
equations (FDE) [2,5] 
u" t l=a(u. l't+ u , l·t)+ß(u .. 1t+ u .. 1t)-2';u. 't-u"t 1 l.J. + l- .J. l+ .J. l.J-. l.J+. l.J. l.J.-
(3 ) 
v·· l=ß(v. l' +v· l' )+a(v .. 1 +v· . 1 )-2';v .. -v·· 1 l.J.t+ l- .J.t l+ .J.t 1.J-.t l.J+.t l.J.t l.J.t-
+ y(ui -1. j -1. t + u i -1. j + 1. t + u i +1. j -1. t + ui +1. j + 1. t) 
where Ui,j,t and Vi,j,t represent the x and y components, respectively, of 
the displacements at the nodepoint (i,j) and time (t). Also 
V 2 T ß = (E/Ö) 'Y = (a-ß)/4 s=a+ß-l 
and Ö is the unit time step. It is known, from the FDE theory [6], that the 
best choice for stability is 
E/ö= (Ji)vL (4) 
Although FDEs provide in many cases an easy justification for our 
iteration equations, it should be noted that our approach goes beyond the 
scope of FDEs since it aims at a simulation of the local interactions, even 
in cases in which FDEs cannot be obtained as discussed in ref. 2. 
RESULTS AND DISCUSSION 
By imposing proper initial conditions and applying Eqs. (3), it is 
possible to prove the viability of our LISA approach. In the following we 
present a few examples of wave propagation in homogeneous isotropic 
material plates. We wish to stress, however, that our method can be applied 
equally weIl to inhomogeneous anisotropic materials, multilayers or other 
more complicated specimens (such as with irregularities, defects, etc.) 
without any sizable increase in the computer time. 
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Figures 1 and 2 show the propagation of a longitudinal source pulse, 
spatially finite and rectangular in the transverse direction (y) and 
gaussian in time, entering the material plate, normal to its surface. The 
elastic constants and density of the material have been chosen as to 
correspond to aluminum. Figure 1 shows the longitudinal (u) component, 
which represents at the incidence the entire pulse. Figure 2 shows the 
shear(v) component, which is zero at the onset. It can be observed that the 
spatially finite longitudinal displacements cause shearing at the two sides 
of the pulse. As a result, shear pulses of opposite sign are genera ted at 
these locations. These shear pulses build up progressively with the wave 
propagation, thus eroding the amplitude of the longitudinal component. In 
spite of the consequent degradation, the longitudinal wave front remains 
approximately plane. By contrast, the shear pulses propagate in circles, as 
expected of point sources (see Fig.3). Additional structure in the shear 
pulses develops due to reflection and mode conversion. Similar figures may 
be obtained for rectangular shear source pulses, except that the u and v 
components are interchanged and the velocity of propagation is much lower. 
Fig. 3 Propagation of a longitudinal point (gaussian) pulse. Norma l 
incidence. Longitudinal components. 
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Figure 3 illustrates the propagation of a longitudinal source pulse 
which is gaussian both in time and in the y-direction. It may be considered 
as a representation of a point source pulse. Again we see adegradation of 
the longitudinal component, with consequent generation of side shear 
pulses, which are left behind (since vT<VL). The wave front is, in this 
case, circular. Only the u component is shown. 
Figure 4 illustrates the propagation of a spatially infinite, gaussian 
in time, longitudinal plane source wave, incident at an angle of 20°. Here 
the moduli of the displacements are plotted. In Fig. 4a and 4b one sees 
progressively more of the arriving wave. In Fig. 4c we see a doubling of 
the amplitude of the wave hitting the free bot tom surface, which is due to 
the constructive interference between the arriving and the reflected wave 
[4J. In Fig. 4d we notice two distinctive reflected waves, corresponding to 
the longitudinal wave and to a shear wave generated by partial mode 
conversion. It can be noticed that they travel at different angles and 
speeds, as predicted by the theory. Figure 5 shows the corresponding shear 
components. They are zero (or negligible) up to when the source wave 
arrives to the bottom (Fig. 5a and Sb). Then a shear wave is genera ted 
(Fig. Sc) and starts to build up a front (Fig. 5d). 
CONCLUSIONS 
We have shown that our LISA approach can be easily extended to treat 
two-dimensional problems. As expected, the amount of required computer time 
does not increase (with respect to the one-dimensional case) and is very 
affordable (of the order of 1 minute per ca se study). All the examples 
shown refer to the case of a homogeneous isotropic plate, but the same CM 
computer code allows one to treat all kinds of more complicated cases, 
without any sizable increase of computer time. Mode conversion and other 
effects, such as due to the shape of the pulse or to the boundaries, 
irregularities, etc., are automatically generated by the iteration 
equations, in agreement with the theoretical predictions. 
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